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(57) ABSTRACT

The invention relates to a modular LED lighting unit, com-
prising a first module (1) to which an AC supply voltage (9)
can be supplied and which comprises: a second sub-module
(B), at the output of which a DC supply voltage (5) 1s pro-
vided, which 1s galvanically 1solated from the supply voltage,
and a control unit (), further comprising a second module
(2), preferably a lamp management module, which comprises
a further sub-module (C) supplied with the DC supply voltage
(5) of the first module (1), preferably a constant current
source, which 1s controlled by a control unit (E) of the second
module (2), an LED module (F) which has at least one LED
range (8) and 1s supplied by the turther sub-module (C), and
an emergency light operating circuit which 1s connected to a
rechargeable energy store (ES); and takes over powering the
modular LED lighting unit 1n the event of failure of the AC
supply voltage (9).
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MODULAR LED LIGHTING HAVING AN
EMERGENCY LIGHT FUNCTION

BACKGROUND OF THE INVENTION

The present mvention relates to the operation of LEDs,
these being understood to be both morganic LEDs and
organic LEDs (OLEDs). The invention furthermore relates to
an emergency light function which 1s used when an external
power supply for the LEDs 1s interrupted.

In principle, 1t 1s already known to supply an LED path,
which can have one or more series-connected LEDs, with
clectrical power starting from a constant-current source. It 1s
also known to use a PWM modulation for carrying out dim-
ming so that 1n the turn-on periods of a PWM pulse train, the
said constant current control 1s carried out. During the dim-
ming, the duty ratio of the PWM signal 1s thus changed then.

To provide the supply voltage of the constant-current
source, 1t 1s possible to use, for example, an actively clocked
PFC (Power Factor Correction) circuit.

Finally, other requirements must also be considered when
operating LEDs, for example, that DC isolation 1s usually
demanded between the LED path and the supply voltage of
the PFC, typically an alternating line voltage.

The result of the above 1s that for operating an LED path
properly and advantageously, several circuit blocks must be
tfunctionally present (PFC, DC 1solation, constant-current
source etc.). This may lead to relatively complex circuits.

For operating an LED lighting device, the latter 1s usually
connected to the existing power supply system, the above-
mentioned electronic components for power matching being,
coordinated therewith. Although this enables an LED lighting
device to be used without limitation in the area in which the
power supply system 1s available, the fundamental function-
ality of the LED lighting device 1s thus always dependent on
the power supply system. In the event of a failure thereof,
therefore, lighting 1s also impossible. Furthermore, 1n this
case the problem arises that the LED lighting device can no
longer be controlled. Modern lighting systems have a com-
munication bus by means of which a wide variety of infor-
mation can be exchanged between the individual lamps and a
central control unit. Such a communication 1s likewise pre-
cluded 1n the event of a power failure.

SUMMARY OF THE INVENTION

The mvention provides a number of approaches of how an
LED lighting system can still remain functional 1n the event
of an interruption of the supply voltage.

This object 1s achieved by the features of claim 1. The
dependent claims develop the central concept of the invention
in a particularly advantageous manner.

A first aspect of the mvention provides a modular LED
lighting having a first module to which an AC supply voltage
can be supplied and which has:

a second module as an 1solating unit, at the output of which

a DC supply voltage electrically 1solated from the AC
supply voltage 1s provided, and

a control unit,
turthermore having a second submodule which has a further
submodule, supplied with the DC supply voltage of the first
module, preferably a constant-current source which 1s con-
trolled by a control unit of the second module,

an LED module which has at least one LED path and which

1s supplied by the further submodule,
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and an emergency light operating circuit which 1s connected
to a rechargeable energy store and takes over the feeding of
the modular LED lighting in the event of failure of the AC
supply voltage.

In this case, the emergency light operating circuit prefer-
ably has a charging circuit for the rechargeable energy store.
The latter can be recharged when AC supply voltage 1is
present.

The emergency light operating circuit can be arranged with
the charging circuit 1n a further module, a so-called emer-
gency current module. In this case, the charging circuit 1s as
far as possible fed by the DC supply voltage of the first
module when the AC supply voltage 1s present. The emer-
gency light operating circuit can take over the feeding of the
second module via the DC supply voltage in the event of
failure of the AC supply voltage. The rechargeable energy
store 1s preferably also arranged 1n the further module.

In the event of failure of the AC supply voltage, the emer-
gency light operating circuit can take over the feeding of the
second module via the electrical DC supply voltage. It pret-
crably also takes over the feeding of a first low voltage for
supplying the second module.

The emergency light operating circuit, in the emergency
light situation, can furthermore supply the control unit with a
second low voltage 1n feedback fashion.

In the event of failure of the AC supply voltage, an external
communication can still be maintained. Said communication
takes place by way of the DALI Industry standard, for
example.

Furthermore, 1n the event of failure of the AC supply volt-
age, an 1nternal communication can be maintained.

In this case, the integrated control circuit of the first module
and the control unit of the second module can be 1n internal
data communication via a communication interface. The
internal data communication 1s preferably standardized. The
internal data communication can therefore be independent of
an external bus communication of the first module.

The emergency light operating circuit, in the event of fail-
ure of the AC supply voltage, can supply the second module
with a voltage level deviating from the normal DC supply
voltage of the first module. In this case, the second module
can identily this deviation. It correspondingly preferably
alters the operation of the LED module.

The second module can switch over to an emergency light
brightness value and/or to an emergency light color. In par-
ticular, this 1s mntended to take place when the second module
receives no control signals via the communication interface.

The emergency light operating circuit can furthermore
have a discharge circuit which serves for feeding the DC
supply voltage from the rechargeable energy store ES in the
emergency light situation. This preferably also supplies the
first and second low voltages.

The charging circuit and the discharge circuit can be
formed by a bidirectional DC-DC voltage converter.

Furthermore, the rechargeable energy store can have a
rechargeable battery and/or a capacitor such as, for example,
a so-called “Gold-Cap”.

Alternatively, the charging circuit can have a tlyback con-
verter and/or a buck converter.

By contrast, the discharge circuit can have a buck-boost
converter.

Finally, the mnvention provides for dimming and a color
change to be possible even 1n the case of emergency light.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages, features and characteristics of the
invention will be found 1n the subsequent description of pre-
ferred exemplary embodiments and with reference to the
attached figures.
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FIG. 1 shows the modular structure of an example of a
modular LED lighting system.

FIG. 2 shows an exemplary embodiment of an 1nsulated
converter 1n the form of an 1nverter with following resonant
circuit and transformer.

FI1G. 3 shows diagrammatically other control modes for the
converter from FIG. 4.

FI1G. 4 shows the arrangement of an emergency light oper-
ating circuit according to the invention between a master unit
and a number of slave units of the modular LED lighting
system.

FI1G. 5 shows the arrangement of the emergency light oper-
ating circuit 1n a detailed view.

FIG. 6 shows a diagrammatic exemplary embodiment of
the emergency power module 1n relation to the modular LED
lighting system.

FIGS. 7a and 7b show the LED module comprising a
number of mutually independent controllable channels.

DETAILED DESCRIPTION OF THE INVENTION

General Structure of the Modular Circuit Concept

The general structure of a modular circuit concept for an
LED-based lighting, for example for a so-called downlight
(FET) will now be explained. It should be assumed that the
invention 1s 1n no way limited to the use of LEDs or OLEDs
as luminous means. Rather, other luminous means may also
be used, such as gas discharge lamps.

As can be seen 1n FI1G. 1, the modular circuit concept has a
first module 1 which 1s supplied preferably with alternating
voltage, especially alternating line voltage 9. This alternating
line voltage 9 (also referred to as AC supply voltage 9) 1s
supplied to a first submodule A which typically rectifies the
alternating voltage supplied, the rectified alternating voltage
then being supplied to an actively clocked PFC (Power Factor
Correction) circuit of the submodule A. The output voltage of
the PFC circuit 1s a DC voltage, called “bus voltage V; 7 in
the text which follows, which 1s supplied to a further submod-
ule B of the module 1. The submodule B essentially has the
function of electrical 1solation and can have for this purpose,
for example, a transformer as electrical isolating element. In
addition, the second submodule B 1s used for providing a
stabilized direct voltage, the DC supply voltage 5.

By means of the submodule G (also control unit G), a
control circuit of the module 1 1s designated which, in par-
ticular, can be implemented as integrated circuit such as, for
example, ASIC or microprocessor or hybrid thereof. As
shown diagrammatically in FIG. 1, this control circuit G
drives active switching elements of the submodule B which
can be designed, for example, in the form of a half bridge ({or
example of a halt bridge driver and two switches 1n series, see
FIG. 2 1n the text which follows), which generates an alter-
nating voltage supplied to the transformer 19 of the submod-
ule B. The control unit G can have programming inputs by
means of which programming or calibration programming of
the control unit G 1s possible. For this purpose, the terminals
ol the control unit G can be brought out onto the circuit board
ol the second submodule B 1n order to enable this submodule
B, and thus the control unit G, also to be programmed after
delivery of the submodule B.

By means of the second submodule (submodule) B of the
module 1, an electrical decoupling 1s designated by which the
control unit G of module 1 communicates with a communi-
cation interface (data interface) 11. This communication
interface, in particular, can be designed for linking an external
analogue or digital bus, for example according to the DALI
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industry standard. As an alternative or additionally, however,
umdirectional or bidirectional signals can also be transmitted
at this interface 11 according to other standards. Furthermore,
signals which, starting from a pushbutton or switch, to be
operated manually, supplied through the communication
interface 11 1itself or externally (for example also via the line
voltage 9), can be received alternatively or additionally at this
communication interface 11.

The essential functions of the module 1 are thus the provi-
sion (at the output of the second submodule B) of a DC
voltage (by rectifying the output voltage of the transformer 19
of the second submodule B using rectifier 22) starting with a
supplied line voltage 9, and the external communication via
the data interface 11 or iterface circuit D.

A second module 2 1s provided as circuit module, prefer-
ably spatially separate from the first module 1 mentioned.
This second module 2 essentially has the function of the
so-called lamp management, which means that this second
module 2, on the one hand, supplies the connected lighting
means (1n this case the LED path 8 comprising one or more
LEDs) with constant current and, on the other hand, receives
teedback values (diagrammatically designated by 13) from
the area of the LED path 8.

The DC supply voltage 5 at the output of the second sub-

module B of the first module 1 1s thus supplied to a further
submodule C as controllable constant-current source. This
turther submodule C thus supplies the LED path with con-
stant current via an output 7. The second module 2 can here
contain several converter stages (several further submodules
C as constant-current sources), wherein these converter
stages (further submodules C as constant-current sources)
can 1n each case drive mutually separate (independent) LED
paths 8.
The further submodule C can be designed both as clocked
constant-current source (that 1s to say, for example, as buck
converter or flyback converter) or as linear controller (imple-
mented using transistors or itegrated circuits). An example
of a drive arrangement by means of linear controller 1s shown
diagrammatically 1n FIG. 7a.

Furthermore, the second module 2 has 1ts own control unit
E which, 1n turn, can be constructed as microcontroller, ASIC
or as a hybrid of these. This control unit E of the second
module 2 thus contains feedback values 13 from the area of
the LED path 8. The control unit E drives the one or several
further submodules C 1n the second module 2. In this arrange-
ment, the current 1s controlled by the LED path 8, but other
feedback values can also be detected and monitored, such as,
for example, the LED voltage or the temperature, for cor-
rectly operating the LEDs and for error detection.

In a preferred embodiment, the further submodule C 1s
designed as clocked constant-current source, this submodule
C having at least one actively clocked switch SW1 as part of
the clocked constant-current source. An example of a drive by
means of clocked constant-current source 1s shown diagram-
matically in FIG. 7b. In this diagrammatic representation, no
detections of feedback values such as, for example, of the
LED current, the LED voltage or of the current through the
switch SW1 are shown for reasons of clarity. In this example,
the LEDs of the LED paths 8, 8', 8" (which are arranged, for
example, on an LED module F) are fed by in each case one
buck converter as clocked constant-current source via the
outputs 7, 7', 7".

The actively clocked switch of the clocked constant-cur-
rent source 1s driven 1n this arrangement directly or indirectly
(for example via a driver chip) by the control unit E. In
contrast to a linear controller, the use of a clocked constant-
current source enables different LED modules F to be oper-
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ated flexibly. The clocked constant-current source can adjust
and adapt both the voltage and the current through the LED
module F. The clocked constant-current source represents an
actively clocked DC/DC converter which receives the DC
supply voltage 5 and feeds the LED module F correspond-
ingly with the desired LED current and/or LED voltage, pret-
erably by being driven by the control unit E on the basis of the
teedback values supplied to this control unit E.

The clocked constant-current source also offers the advan-
tage that the operating mode of the submodule C can be
matched to the respective current operating mode. Thus, the
type of clocking of the clocked constant-current source can be
adapted, for example, the switch SW1 can be driven with a
frequency-modulated, pulse-width-modulated or a combina-
tion of frequency-modulated and pulse-width-modulated sig-
nal. The current operating mode can differ, for example, for
an operation with high brightness of the LED path 8 or with
low brightness.

As shown 1n the example of FIG. 7b, it 1s possible that a

number of clocked constant-current sources are present for
teeding the LED paths 8, 8', 8" via outputs 7, 7', 7". The
switches SW1, SW1', SW1" of the individual clocked con-
stant-current sources can be driven preferably independently
of one another by the control unit E. This enables the indi-
vidually required LED currents and LED voltages to be sup-
plied via outputs 7, 7', 7" in each case for each LED path 8, 8',
8". In this arrangement, 1t 1s also possible that 1in each case a
separate control unit E, E', E" 1s present for each of the
clocked constant-current sources with the switches SW1,
SWI1', SW1".

As already mentioned, the control unit E can detect differ-
ent feedback values (such as, for example, the LED voltage,
the LED current or the temperature) for correctly operating,
the LEDs and for error detection, and, preferably on detection
of an error, switch the clocked constant-current source into an
error mode of operation. This can be done, for example, by
changing 1nto a burst mode or an operation with low turn-on
time of the switch SW1.

In addition, the control unit E can be 1n data communica-
tion unidirectionally or bidirectionally via a communication
interface 6, which 1s arranged additionally to the DC supply
voltage 5, with the control unit G of the first module 1. The
communication interface 6 can also be used for transmitting
the low-voltage supply 60 (there 1s then both data communi-
cation and energy transmission). The communication inter-
face 6 can also be integrated 1n the DC supply voltage 5, for
example, the polarity of the DC supply voltage 5 can be
switched over or a carrier signal can be modulated onto the
DC supply voltage 5.

Via the communication interface 6, the control unit E can
also convey an error message and preferably also information
about the type of error to the control unit G of the first module
1 by means of the bidirectional data communication for
example 1n the case of an error detection.

As 1s shown diagrammatically in FIG. 1, the second mod-
ule 2, 1n this case as lamp management module, 1s accommo-
dated preferably 1n a common housing 12 with the actual LED
module F.

As 1s shown diagrammatically 1in FIG. 1, the LED module
F can have 1ts own memory 4, for example 1n the form of an
EPROM. The reference symbol 3 shows diagrammatically
that the control unit E of the second module 2 can access this
memory 4 of the LED module F.

With regard to the first module, 1t should be pointed out that
the PFC circuit 1s only optional.

In addition, 1t should be pointed out that the functions of

submodules A, B and C as shown can also be integrated with
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regard to circuitry so that, as long as these functions are
present 1n principle, they do not need to be retlected 1n a
corresponding structure of the circuit topology.

It 1s the advantage of the modular structure according to
FIG. 1, for example, that the first module 1 or the second
module 2 can be produced by different manufacturers. In
addition, several second modules 2 can also be connected to
a firstmodule 1 1n the sense of a master/slave operation. When
using clocked constant-current sources as submodule C, this
creates a two-stage system with modular structure wherein
several second modules 2 can be connected to a first module
1 and an operation of different LED modules F and/or a
different operation of 1dentical LED modules F 1s made pos-
sible 1n dependence on the data communication taking place
via the communication interface 6.

Finally, the modular structure also allows the correspond-
ing submodules and especially the second module 2 to be
exchangeable, retaining the remaining components.

When the second module 2 1s accommodated 1n a common
housing 12 with the actual LED module F, the advantage
arises that this combination of second module 2 and LED
module F can be adjusted in 1tself so that, for example, their
radiation characteristic, quantity of light, color of light and/or
direction of light can be parameterized and thus calibrated.
The first module 1 and also the user can thus have one or more
calibrated systems which, however, can then be driven 1den-
tically and also behave correspondingly. This internal cali-
bration of the combination of second module 2 and LED
module F can take place, for example, via one of the following
methods:

calibration 1n production or during activation

a closed control system within this combination (for

example by means of an internal sensor system)
interpolation points

methods with LED characterization

or a combination of the methods mentioned.

The communication between the first module 1 and the
second module 2 via the communication interface 6 takes
place correspondingly preferably in standardized manner.

As shown, mnstructions or enquiries received from outside,
for example via a bus line of the external bus 10 via the data
interface 11, are supplied only to the first module 1. This can
thus be called external data communication, 1in contrast to the
internal data communication via the communication interface
6 between the first module 1 and the second module 2.

This has the advantage that, for matching to different exter-
nal buses 10, only the first module 1 has to be matched
whereas the structure and the data protocol for the second
module 2 remain unatiected by thus.

The communication via the internal communication inter-
face 6 1s thus also standardized since 1t 1s independent of
different bus protocols or control signals which can be
applied to the first module 1.

Communication via the internal communication interface
6 combined with the modular structure of the system results 1n
the advantage that the operating data for the optimum feeding
of the second module 2 can be transmitted from the second
module 2. The second module 2 (preferably starting with
control unit E) can convey the required operating data to the
first module 1 via the internal communication interface 6.
This provides the advantage that a first module 1 can be
combined with many different second modules 2, wherein the
required operating data can then be read out of the second
module 2.

Examples of the feedback values 13 from the LED path 8
are the LED current measured directly or indirectly and/or the
voltage over the LED path 8.
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In the memory 4 which 1s associated with the LED module
F, operating data for the LEDs of the LED path 8 can be
stored, for example at the manufacturer. These data in this
memory 4 can thus be, for example, characteristic values, the
permissible maximum values for current and/or voltage, tem-
perature dependence of electrical or optical (spectra) param-
eters of the LEDs, etc. These operating data for the LEDs (for
example data from memory 4), too, can be conveyed to the
first module 1 via the internal communication interface 6.

As already stated briefly above, a first module 1 can supply
several second modules 2 1n the sense of a master. This means
that a single first module 1 supplies several second modules
(lamp management modules) 2 not only with a DC supply
voltage 5 but also communicates with these bidirectionally in
the sense of an 1nternal communication interface 6.

As already explained briefly above, the control unit G in the
first module 1 can drive the 1solating submodule B preferably
constructed to be clocked. The same control unit G or pret-
erably also a further control unit (not shown) can also control
the operation of the PFC of the submodule A, 1.e., for
example, drive switches of the PFC of submodule A and
accept for signals from the area of the PFC such as, for
example, the input voltage, the current through an inductance
of the PFC, the current through the switch of the PFC, the
output voltage of the PFC, as 1s shown diagrammatically by
arrows 1n FI1G. 1.

The PFC can be, for example, a boost converter, buck-
boost converter, an insulated flyback converter or also a
SEPIC converter.

In this arrangement, the output voltage V., _of the PFC of
the submodule A 1s typically within a range of several hun-
dred volts DC. Due to the transformer 1n the i1solating sub-
module B, this DC voltage can thus be lowered, for example
to a voltage within a range of from 20 to 60 volts, preferably
40 to 50 volts DC. After the output of the first module 1, the
clectrical power supply 5 1s thus at a lower level than the
voltages prevailing internally in the first module 1 which
makes lower demands on the requirements, for example on
the 1nsulation of the electrical power transmission 5 of the
second module 2 and on the second module 2 itself. In addi-
tion, a second output voltage, for example a low DC voltage
supply for the second module 2, can optionally be generated
in the first module 1 and provided for the second module 2.

One advantage of the modular structure with internal com-
munication interface 6 as described above 1s that the second
module 2 (or, 1n the case of the existence of several second
modules 2 at least individual ones of these) can be turned off
whilst the first module 1 can still be addressed for the com-
munication interface 6 or possibly can also send out messages
via the communication interface 6. The first module 1 can
thus carry out emergency light detection (switching from AC
to DC supply or rectified AC supply). In addition, the control
unit G, for example as a microcontroller, of the first module 1
can be supplied with power only via the external bus 10 1n this
1dle state, when the 1dle state of the external bus 10 1s not equal
to O volts (such as, for example, 1n DALI). Thus, an energy
transmitted via the external bus 10 can be used for supplying
the control circuit G (especially as start-up energy for the
control circuit G or a low-voltage supply circuit). The actual
voltage supply of the first module 1 can thus be turned off in
this 1dle state. It 1s also possible that only one wake-up signal
1s sent via the external bus 10 which provides a start-up
energy as power for the short-term supply for the control
circuit G or a low-voltage supply circuit. In this case, the first
module 1 can also be placed completely mnto an 1dle state
without energy consumption. The wake-up signal can also be
a data transmission or a short-term addition of a voltage.
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If several second modules 2 (lamp management modules)
are supplied by a first module 1 (central module), selectively
selected ones of these several second modules 2 (lamp man-
agement modules) can, naturally, be switched off. This, too,
leads to saving electrical losses. For example, 1n the case of
emergency lighting, 1t can be provided that, in order to
achieve the lower basic brightness for emergency lighting
operation, only one or a subgroup of the several second mod-
ules 2 (lamp management modules) supplied by the first
module 1 (central module) 1s operated.

In addition to the communication intertace 6, the second
module 2 (lamp management module) can also have an addi-
tional interface (not shown). This additional interface can be
designed to be, for example, wire-connected or also wireless.
Via this interface, data can be read out of the second module
2, for example, especially for maintenance purposes such as,
for example, the exchange of a second module 2. However, 1t
1s also possible to update the data or control software via this
additional interface, especially 1n the case of wireless com-
munication. It can also be possible, especially to read data out
of this second module 2 via this additional interface also in the
case of lacking supply voltage 5 (power transmission 5) for
the second module 2. The additional interface i1s arranged
preferably spatially separate from the communication inter-
tace 6 on the second module 2.

A passive or preferably active cooling unit 40, 1n particular
driven by the control unit E, for example a fan, 1s connected to
the common housing 12.

Adaptive Drive for the Clocked DC-DC Converter (Submod-
ule B) as Energy-Transmitting Converter

As already explained above, the first module 1 has a sub-
module B which has the function of an insulating converter.
This submodule B 1s supplied with a DC voltage V, _, for
example, starting with the PFC of the submodule A.

As explained 1n detail 1n the text which follows, this second
submodule B has a clocked insulating DC/DC converter. The
latter will now be explained with reference to FIG. 2.

FIG. 2 shows that the output voltage of module A (for
example PFC), namely the bus voltage V5, 1s supplied to an
inverter 14 which, for example, can be designed as hali-
bridge inverter with two switches S1, S2. The drive signals for
clocking the switches S1, S2 can be generated by the control
unit G of the first module 1.

The center 29 of the iverter 14 1s joined 1n the example
shown by a resonant circuit 15, constructed here as series-
resonant circuit, namely an LLC resonant circuit. In the
example shown, this resonant circuit 15 has a first inductance
16, a coupling capacitor 17, a transformer 19. The resonant
circuit 15 1s followed by a transtormer 19 with a primary
winding 20 and a secondary winding 21. The inductance 16
can be integrated in the transformer 19 as will still be
explained later.

With regard to the example shown, 1t should be noted that
the transformer 19 1s shown as an equivalent circuit. In this
context, the primary winding 20 has in reality an inductance
18 as integrated stray inductance and additionally a main
inductance Lm which carries the magnetizing current.

The transformer 19 1s followed by a rectifier 22 at the
output of which the stepped-down DC supply voltage S 1s
then provided for the lamp management module 2. Thus, the
transformer 19 provides for the necessary electrical decou-
pling (insulation with respect to the mput voltage 9 supplied
to the first module 1). As known per se, the rectifier 22 can be
designed with two or four diodes but, instead, a so-called
synchronous rectifier can also be provided which has two
MOSFETSs. As known per se, this synchronous rectifier car-
ries out a full-bridge rectification with the two MOSFETs.

FEAE
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Thus, the rectifier 22 can be constructed both as active recti-
fier (with actively switched elements such as, for example,
MOSFETSs) or as passive rectifier (with passively switched
clements such as diodes). It 1s possible to perform full-wave
rectification or also only half-wave rectification. As shown,
the rectifier 1s followed by a storage capacitor 23. At the
output, other filter elements such as, for example, one or more
inductances and/or also additional capacitors can also be
present for smoothing and stabilizing the output voltage (DC
supply voltage 5).

With regard to the resonant circuit 15 constructed as LLC
resonant circuit 1n the example shown, 1t should be noted that
the inductance 16 does not need to be present as a separate
component. Instead, this function can be handled by the leak-
age of the primary winding 20 of areal transformer. If thus the
first inductance 16 1s to be formed by the leakage of the
primary winding 20 of the transformer 19, selective attention
1s paid to the fact that there 1s no perfect coupling between
primary winding 20 and secondary winding 21 of the trans-
former 19. The necessary leakage eflect which functionally
allows the first inductance 16 to be achieved can be achieved
selectively for example by correspondingly spacing the pri-
mary winding 20 and the secondary winding 21 of the trans-
tormer 19. If this leakage effect should not be sufficient, an
inductance 16 actually also present as separate component
will be provided.

The combination of the inverter 14 with the resonant circuit
15 and the following rectifier 22 thus forms a DC/DC con-
verter, insulating by means of transformer 19, as energy-
transierring converter. In this arrangement, this DC/DC con-
verter 1s fed by a stabilized direct voltage, the bus voltage V
and from this, a DC supply voltage 5 1s generated at the output
of the DC/DC converter which voltage also represents a sta-
bilized direct voltage, this being insulated by the transformer
19 with respect to the bus voltage V,__and preferably having
a different potential.

On the other hand, this principle 1s also applied to other
resonant circuits such as, for example, parallel resonant cir-
cuits or combinations of series and parallel resonant circuits.

One advantage of using a resonant circuit in such an
energy-transferring DC/DC converter 1n the utilization of a
resonance step-up 1n order to provide for low-loss switching
of the switches S1, S2 of the inverter, 1f possible, on the
secondary side 1n the case of nominal low or high loading. For
this purpose, the system usually works 1n the vicinity of the
resonant frequency of the resonant circuit or 1n the vicinity of
a harmonic of a resonance of the output circuit.

The output voltage (at the storage capacitor 23) of the
transmitting converter 1s thus a function of the driving fre-
quency for switches S1, S2 of the inverter 14, 1n this case
designed as half-bridge inverter by way of example.

I, instead, a low load 1s present at the output of the circuit
shown i FI1G. 2 (that 1s to say module 2 and the LED modules
F 1n FIG. 1 represent a low electrical load), the driving fre-
quency of switches S1, S2 of the inverter 14 1s increased away
from the resonant frequency. As the driving frequency is
changed, the phase angle between the voltage and the AC
current at the center 29 of the inverter 14 now also changes,
instead.

With a very high load (for example large current through
the LEDs) and thus an operation close to resonance, the phase
angle between current and voltage at the center 29 1s very
small. As mentioned, at low load and thus an operation further
distant from resonance when thus, for example, a low power
flows through the LED path 8 and thus no or only a low power
1s taken from the secondary side of the transformer 19, the
phase angle becomes very large (see FIG. 3¢) and can be, for
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example, up to 50°. In this state, currents thus continue to flow
through the inverter 14 which lead to electrical losses without
any noteworthy power tlowing into the LED path 8.

It 1s possible to provide combined control. The combined
control consists in that two control variables are used for the
variable ‘output voltage of the energy-transferring insulated
converter’ to be controlled, namely, apart from the clocking of
the at least one switch S1, S2 of the inverter 14, the change in
bus voltage V., _of the inverter 14. The change 1n bus voltage
V. . can be achieved, for example, by correspondingly driv-
ing the PFC of the first submodule A.

In addition or alternatively, it 1s possible to adapt not only
the bus voltage V. by correspondingly driving the PFC of
the first submodule A. Depending on the load state or also
operating state, the PFC of the first submodule A can change
the operating mode either independently or by means of a
corresponding drive, especially by means of the control unit
G. In particular, the PFC of the first submodule A can operate
either 1n the so-called borderline mode between discontinu-
ous and continuous conduction mode or in continuous con-
duction mode during an operation at high load and operate 1n
discontinuous conduction mode during operation at low load
or 1n stand-by mode. However, 1t would also be possible, for
example, that the PFC of the first submodule A changes into
so-called burst mode (that 1s to say a pulse/pause operating
mode, or also called pulse mode) during operation of a low
load or 1n stand-by mode. In this process, the supply voltage
(bus voltage V, ) 1s still kept equal but atter a number of
drive pulses for the switch or switches of the PFC, a relatively
long pause 1s inserted before the next burst (pulse) 1s applied
as drive signal for the switches of the PFC. The pause between
the pulse trains 1s then much longer, that 1s to say, for example,
at least twice an addition of the turn-on periods of the
switches of the PFC.

There 1s thus a combined control concept 1n which the said
control variables are combined in dependence on the load
pick-up from a feedback signal which reproduces this load
pick-up directly or indirectly.

Another possibility 1s to extend in the control variable
“frequency of switches”, the frequency remaining the same,
the dead time (see F1G. 3b) between the turn-on periods of the
switches S1, S2 of the inverter 14. Thus, for example, the
reduction 1n frequency of the power provision can be
increased to a maximum permissible driving frequency of the
switches S1, S2 of the mverter 14. At this maximum permis-
sible frequency (corresponding to the maximum permaissible
phase angle), the second control variable 1s then used for
turther reducing the power consumption, namely the exten-
sion of the dead time between the turn-on periods of the
switches S1, S2.

A turther possibility 1s to change, the frequency remaining
the same, the ratio of turn-on period to turn-oif period of the
switches S1, S2 of the mverter 14 (that 1s to say the pulse
control factor). The pulse control factor 1s preterably reduced
with decreasing load. Thus, for example, the increase 1n ire-
quency of the power provision can be increased to a maxi-
mum permissible driving frequency of the switches S1, S2 of
the mverter 14. At this maximum permissible frequency (cor-
responding to the maximum permissible phase angle), the
second control variable 1s then used for reducing the power
consumption further, namely the change in turn-on period of
the switches S1, S2 (with the frequency remaining the same).

A further possibility of introducing a further control vari-
able 1s the introduction of a so-called burst mode (that 1s to say
a pulse/pause operating mode, or also called pulse mode), see
FIG. 3a. In this mode, the supply voltage (bus voltage V5 ) 1s
still kept the same, but the frequency is not increased further
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for reducing the load provision at least when the driving
frequency will reach a maximum permissible value. Instead,
a relatively long pause 1s mserted after a number of drive
pulses for both switches S1, S2 (the number being greater
than 1) before the next burst (pulse) 1s applied as drive signal
tor the switches S1, S2. The pause between the pulse trains 1s
then much longer, that 1s to say, for example, at least twice an
addition of the turn-on periods of switches S1, S2.

In this burst mode, in which the control variable thus 1s the
length of dead time between two pulse trains, there will
naturally be a certain ripple of the voltage at the output end,
that 1s to say at the storage capacitor 23 as shown 1n FIG. 3d.
According to the invention, it can then be provided that a
permissible ripple corridor 1s provided around a nominal
value for the voltage at the storage capacitor 23. When the
voltage has reached the upper limit value of the nipple corridor
alter a certain number of pulses of a pulse train (burst), a
relatively long interpulse period 1s inserted. In this interpulse
period of the burst mode, the voltage across the storage
capacitor 23 then drops until it reaches the lower limit value of
the predetermined ripple corridor. On reaching the lower limit
value, the next pulse train 1s applied so that this rise and fall of
the voltage (ripple) across the storage capacitor 23 will be
repeated cyclically. This 1s thus a hysteretic control. The burst
packets (that 1s to say the period 1n which clocking takes place
tor short periods) can be kept relatively short in this arrange-
ment. In this manner, 1t 1s possible to counteract disturbances
and also audible noises. As an alternative, the bursts can also
be generated with a variable repetition rate and/or duration of
the packets. If the submodule C 1s designed as clocked con-
stant-current source, the ripple of the DC supply voltage 5,
occurring in the burst mode, can be compensated for by
correspondingly driving the clocked constant-current source.
This can be done, for example, by means of a control loop for
directing the LED current or by operating the clocked con-
stant-current source 1 dependence on the amplitude of the
DC supply voltage 5.

As already mentioned, the adaptive adjustment of the oper-
ating mode (control variable) of the DC/DC converter 1s
carried out in dependence on the load on the secondary side,
1.e. the load which 1s supplied by the voltage across the
storage capacitor 23. For this purpose, a signal reproducing
the load can be fed back to the drive circuit (IC 1n the control
circuit G 1n FIG. 1), or an externally supplied dimming signal.
In this context, the power consumption of the load can be
measured on the secondary side (with respect to transformer
19) but also on the primary side of transformer 19. For
example, the voltage drop across a measuring resistor 24 1n
series with switches S1, S2 or at least 1n series with one of
switches S1, S2 of the mverter 14 can be used as a signal
reproducing the power consumption of the load. The actual
power consumption 1s then represented essentially by a prod-
uct of the supply voltage (bus voltage V5 ) (measured or at
least kept constant by the PFC) by this current, measured via
the voltage drop across the measuring resistor 24, through the
inverter 14.

The above example gave an acquisition on the primary side
for a signal reproducing the power consumption of the load.
Naturally, feedback signals on the secondary side can also be
used 1nstead, for example the current through the and/or the
voltage across the LED path 8, etc. as feedback signal which
reproduces the power consumption of the load.

A preferred sequence of the adaptive combined control 1s
in this context to perform the reduction for the load by
increasing the driving frequency of the switches S1, S2 of the
inverter 14 continuously until a permanently predetermined
maximum Irequency i1s reached. When this maximum {fre-
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quency 1s reached, but the supplied power for the load should
still be reduced, the drive circuit will then adaptively select
one ol the further operating modes listed above. If, for
example, the bus voltage V. _1s lowered when the permis-
sible maximum frequency 1s reached, the permissible maxi-
mum frequency of the drive for the switches S1, S2 can then
be retained, or if this can be overcompensated by lowering the
bus voltage V,, . or the other selected control variable, the
driving frequency even lowered again to a lower range of
nominal values.

Thus follows a switching of the control variable for the
power supply for the secondary side when the maximum
frequency 1s reached. As examples of a further control vari-
able which 1s then used additionally or alternatively to the
change 1n driving frequency, the change (lowering) of the
supply voltage (bus voltage V., ), the change of the dead time
between the turn-on periods of the two switches S1, S2 or the
extension of the dead time between two pulse trains 1n burst
mode have already been mentioned. In this context, a combi-
nation of further control variables can also be utilized, for
example, both the pulse control factor and the dead time can
be changed.

In principle, an alternative drive for a clocked DC/DC
converter 1s thus available, wherein the attractiveness refers to
the adaptation of the control variables 1n dependence on the
load consumption of the secondary side of the DC/DC con-
verter.

Another possibility 1s to extend in the control varniable
“frequency of switches”, the frequency remaining the same,
the dead time (see F1G. 35) between the turn-on periods of the
switches S1, S2 of the inverter 14. Thus, for example, the
reduction in frequency ol the power provision can be
increased to a maximum permissible driving frequency of the
switches S1, S2 of the mverter 14. At this maximum permis-
sible frequency (corresponding to the maximum permissible
phase angle), the second control variable 1s then used for
turther reducing the power consumption, namely the exten-
sion of the dead time between the turn-on periods of the
switches S1, S2.

A further possibility 1s to change, the frequency remaining
the same, the ratio of turn-on period to turn-oit period of the
switches S1, S2 of the mverter 14 (that 1s to say the pulse
control factor). The pulse control factor 1s preterably reduced
with decreasing load. Thus, for example, the increase 1n ire-
quency of the power provision can be increased to a maxi-
mum permissible driving frequency of the switches S1, S2 of
the mverter 14. At this maximum permissible frequency (cor-
responding to the maximum permissible phase angle), the
second control variable 1s then used for reducing the power
consumption further, namely the change 1n turn-on period of
the switches S1, S2 (with the frequency remaining the same).

A further possibility of introducing a further control vari-
able 1s the introduction of a so-called burst mode (that 1s to say
a pulse/pause operating mode, or also called pulse mode), see
FIG. 3a. In this mode, the supply voltage (bus voltage V) 1s
still kept the same, but the frequency 1s not increased turther
for reducing the load provision at least when the dniving
frequency will reach a maximum permissible value. Instead,
a relatively long pause 1s inserted after a number of drive
pulses for both switches S1, S2 (the number being greater
than 1) before the next burst (pulse) 1s applied as drive signal
for the switches S1, S2. The pause between the pulse trains 1s
then much longer, that 1s to say, for example, at least twice an
addition of the turn-on periods of switches S1, S2.

In this burst mode, 1n which the control variable thus 1s the
length of dead time between two pulse trains, there will
naturally be a certain ripple of the voltage at the output end,
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that 1s to say at the storage capacitor 23 as shown 1n FIG. 3d.
According to the invention, it can then be provided that a
permissible ripple corridor i1s provided around a nominal
value for the voltage at the storage capacitor 23. When the
voltage has reached the upper limit value of the nipple corridor
alter a certain number of pulses of a pulse train (burst), a
relatively long interpulse period 1s inserted. In this interpulse
pertod of the burst mode, the voltage across the storage
capacitor 23 then drops until it reaches the lower limit value of
the predetermined ripple corridor. On reaching the lower limit
value, the next pulse train 1s applied so that this rise and fall of
the voltage (ripple) across the storage capacitor 23 will be
repeated cyclically. This 1s thus a hysteretic control. The burst
packets (that 1s to say the period 1n which clocking takes place
for short periods) can be kept relatively short 1n this arrange-
ment. In this manner, it 1s possible to counteract disturbances
and also audible noises. As an alternative, the bursts can also
be generated with a variable repetition rate and/or duration of
the packets. If the submodule C 1s designed as clocked con-
stant-current source, the ripple of the DC supply voltage 5,
occurring in the burst mode, can be compensated for by
correspondingly driving the clocked constant-current source.
This can be done, for example, by means of a control loop for
directing the LED current or by operating the clocked con-
stant-current source in dependence on the amplitude of the
DC supply voltage 5.

As already mentioned, the adaptive adjustment of the oper-
ating mode (control variable) of the DC/DC converter 1s
carried out 1n dependence on the load on the secondary side,
1.e. the load which 1s supplied by the voltage across the
storage capacitor 23. For this purpose, a signal reproducing
the load can be fed back to the drive circuit (IC in the control
circuit G in FI1G. 1), or an externally supplied dimming signal.
In this context, the power consumption of the load can be
measured on the secondary side (with respect to transformer
19) but also on the primary side of transformer 19. For
example, the voltage drop across a measuring resistor 24 1n
series with switches S1, S2 or at least 1in series with one of
switches S1, S2 of the mverter 14 can be used as a signal
reproducing the power consumption of the load. The actual
power consumption 1s then represented essentially by a prod-
uct of the supply voltage (bus voltage V5, ) (measured or at
least kept constant by the PFC) by this current, measured via
the voltage drop across the measuring resistor 24, through the
inverter 14.

The above example gave an acquisition on the primary side
for a signal reproducing the power consumption of the load.
Naturally, feedback signals on the secondary side can also be
used 1nstead, for example the current through the and/or the
voltage across the LED path 8, etc. as feedback signal which
reproduces the power consumption of the load.

A preferred sequence of the adaptive combined control 1s
in this context to perform the reduction for the load by
increasing the driving frequency of the switches S1, S2 of the
inverter 14 continuously until a permanently predetermined
maximum frequency 1s reached. When this maximum fre-
quency 1s reached, but the supplied power for the load should
still be reduced, the drive circuit will then adaptively select
one ol the further operating modes listed above. If, for
example, the bus voltage V,, _1s lowered when the permis-
sible maximum frequency 1s reached, the permissible maxi-
mum frequency of the drive for the switches S1, S2 can then
be retained, or if this can be overcompensated by lowering the
bus voltage V,, _ or the other selected control variable, the
driving frequency even lowered again to a lower range of
nominal values.
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Thus follows a switching of the control varniable for the
power supply for the secondary side when the maximum
frequency 1s reached. As examples of a further control vari-
able which 1s then used additionally or alternatively to the
change in driving frequency, the change (lowering) of the
supply voltage (bus voltage V., ), the change of the dead time
between the turn-on periods of the two switches S1, S2 or the
extension of the dead time between two pulse trains 1n burst
mode have already been mentioned. In this context, a combi-
nation of further control variables can also be utilized, for
example, both the pulse control factor and the dead time can
be changed.

In principle, an alternative drive for a clocked DC/DC
converter as submodule B 1s thus available, wherein the adap-
tivity refers to the adaptation of the control variables in depen-
dence on the load consumption of the secondary side of the
DC/DC converter. The submodule B can also be formed by an
inverter having a switch, for example as Class-E converter or
quasi-resonant flyback converter wherein there 1s 1n each case
rectification and smoothing at the output.

As shown already in FIGS. 1 and 2, a second module 2
having a further converter stage (further submodule C as
constant-current source) can be connected to the storage
capacitor 23, wherein the second module 2 (lamp manage-
ment module) can have a control unit E, e.g. as integrated
circuit. The further submodule C can be designed both as
clocked constant-current source (that 1s to say, for example, as
buck converter) or as linear controller (implemented with
transistors or itegrated circuits). However, LEDs can also be
connected directly to the output of the second submodule B.

As shown 1n FIG. 1, external dimming commands can be
supplied to the control unit G of the first module 1 but also to
control unit E of the second module 2. In the second case, the
control unit E of the second module 2 can transier the dim-
ming information to the control unit G of the first module 1 so
that no measurement signal needs to be present for the power
consumption but, mstead, can be used from dimming infor-
mation available to the control unit G for the DC/DC con-
verter 1n the second module B.

However, the second submodule B can also be adjusted
adaptively on the basis of an externally supplied dimming
command or also on the basis of a return message by the
second module 2.

The switches S1, S2 of the inverter 14 can be driven via the
control unit G via a driver stage. Preferably, at least the driver
stage for the switches of the mnverter which are at high poten-
tial 1s designed for driving at high voltage potential. For
example, this driver stage 1s a level-offset stage, a driver stage
with transformer or a driver stage with air-core coil. This
driver stage can also be integrated 1n the control unit G.

The control unit G can also have means for avoiding errors
in the operation of the inverter. Thus, for example, overcur-
rent trips or current limiters for the current through at least
one switch can be provided. The dead time for driving the
inverter can also be adjustable (i.e. the period between open-
ing of one switch (e.g. S1) and closing the second switch
(S2)). This dead time 1s also preterably adaptively adjustable,
for example 1n dependence on the center voltage at the
inverter 14 or on the current or the voltage across a switch of
the inverter 14.

The control unit G can also monitor the bus voltage V,,
especially also the ripple of the bus voltage V, _ (i.e. the
fluctuations within a certain time). Depending on the evalu-
ation of the ripple of the bus voltage V5 ., the control unit G
can mnfluence the drive of the mverter 14. In particular, 1t can
adapt the frequency of the inverter 14 to the evaluation of the
ripple of the bus voltage V5 _1n order to reduce the rnipple at
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the output of the inverter 14. In this context, the frequency of
the mverter 1s preferably increased with rising bus voltage
V. . and lowered with dropping bus voltage V. .. In this
manner, 1t 1s possible to achieve that this ripple on the bus
voltage V, _1s forwarded less strongly to the output of the
inverter 14.

Storage Calibration Communication Between Lamp Man-
agement Module and LED Module

As shown 1n FIG. 1, the LED module F can be provided 1n
an associated memory 4, for example with an EPROM,
FLASH or OTP.

Shown diagrammatically by the reference symbol 3 1n FIG.
1, the control unit E, for example an integrated circuit or a
microcontroller of the second module 2, can access the
memory 4 of the LED module F 1n order to thus, for example,
read out 1ts memory content selectively. The data read out of
this memory 4 can then also be sent, for example, from the
control unit E of the second module 2 via the communication
interface 6 (internal bus) to the first module 1. The data 1n the
memory 4 can be, for example, the run time, production dates,
error logging, maximum value, minimum values (e.g. for
current and voltage) and/or the temperature.

This has the advantage that any impairment of the memory
content of memory 4 of the LED module F, for example due
to temperature impairment due to the great physical vicinity
of the LED path 8, 1s reduced. Thus, the control umit E of the
second module 2 can read out these data and store them 1n an
associated memory in the sense of a backup. In addition, the
control unit E of the second module 2 can refresh the memory
4 of the LED module F periodically or in dependence on
operating state or events.

Instead, it 1s also possible that the LED module 8 itself does
not have a memory. The corresponding data, for example the
permissible forward current for the LEDs of the LED path 8
can be written in this case into the memory 31 associated with
the integrated circuit E of the lamp management module 2.
This can be done, for example, during the production of the
lamp management module 2.

A further alternative or additional option 1s that the LED
module F 1s provided with an identification tag which, for
example, represents the operating data or represents at least
an 1dentification for the LED module F. The identification tag
1s then read out by the integrated circuit E of the lamp man-
agement module 2 and deposited, for example, 1n a memory
associated with the integrated circuit E of the lamp manage-

ment module 2. This data content, thus read out only once, of
the identification tag can then be used for the further operation
of the LED module F.

As mentioned, the identification tag may also be only a
pure 1dentification. The lamp management module 2 would
determine the identification data in this case and then deter-
mine from the memory independent from the LED module 8,
for example also a database content accessible via the exter-
nal bus 10, associated operating data. Naturally, this approach
has the advantage that the costs for the additional memory 4,
for example an EPROM of the LED module F, can thus be
saved.

The possibility of reading out the memory 4 of the LED
module F by means of the control unit E results in the advan-
tage that quite different LED modules F can be combined
with a lamp management module (second module 2), wherein
the required operating data can then be read out of the LED
module F and the lamp management module (second module
2) can thus flexibly adapt itself to the connected LED module
F.
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Light Power Calibration
As shown diagrammatically already i FIGS. 7a, 7b, the
LED module F preferably has two, three or even more chan-

nels 53, 53", 53", which are controllable independently of one
another. Each channel 53, 53', 533" can have one LED path 8,

8'. 8" comprising one or more LEDs. Naturally, the LEDs of
an LED path 8, 8', 8" are preferably almost 1dentical with
regard to their spectrum.

The aim 1s that the different LED channels 53, 53', 53" of

the LED module F span 1n the color space a space within
which the desired drivable color coordinates are located.

In this context, an embodiment of the two or more LED
channels 33, 53', 53" of the LED module F 1s preferably of
such a type that the space spanned comprises at least large
areas ol the Planckian white-light curve.

An exemplary embodiment could thus be:

a first channel with one or more monochromatic blue
LEDs,

a second channel with one or more monochromatic red
LEDs, and

a third channel with one or more dye-converted LEDs,

preferably within the greenish-white spectrum.

When three different LED channels are present, a triangle
1s thus spanned in the color coordinate system (CIE). By
means of different individual driving of the intensities of the
different LED channels, each chromaticity coordinate within
the resultant trnangle formed can be driven.

The above example spans 1n the color space a triangle
which covers at least large areas of the Planckian white-light
curve. Thus, any point on the Planckian white-light curve can
be driven essentially by individually driving the three set LED
channels, 1.e. 1t 1s possible to emit white light having different
color temperature. As result of a mixture of the light of the
several LED channels.

As mentioned, 1n order to energize the different chroma-
ticity coordinates, especially on the Planckian white-light
curve, the different LED channels must be energized with
different intensity (current).

With a known determined or previously known efficiency
of the LEDs of the LED channels, this 1s mathematically
possible, 1.¢. on the basis of an X/Y coordinate of the desired
chromaticity coordinate, the intensity to be energized in the
individual channels can be calculated directly.

It 1s then one problem that different LEDs have different
eificiencies (lumen/LED current). In particular, the curve of
the light output (lumen/LED current) or 1its slope, respec-
tively, 1s not the same for all LEDs. If then different chroma-
ticity coordinates are energized within the triangle spanned in
the color coordinate system, especially for following the
Planckian white-light curve, the desired spectrum will be
achieved, but the total light output will normally change. The
total light output will then tend to become less, the greater the
proportion of intensity of less efficient LEDs.

The total light output 1s now 1ntended to remain constant
even when sweeping different chromaticity coordinates, 1n
particular on the Planckian white-light curve.

For this purpose, 1t 1s first determined mathematically or
experimentally at which point within the chromaticity coor-
dinates to be traced within the color triangle spanned the
minimum light output 1s present. Knowing the mimimum light
output, the driving intensities for all other chromaticity coor-
dinates to be traced can then be calibrated, 1.e. the intensities
for each chromaticity coordinate deviating from the mini-
mum light output are ‘artificially’ scaled down so that lastly
constant light 1s generated everywhere with the minimum
achievable light output 1n the color space spanned.
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This calibration for the minimum achievable light output 1s
thus carried out by means of a calibration factor which 1s
applied identically to the intensities of all LED channels.

In this context, the calibration factor can be calculated on
the basis of the known elficiencies of the LEDs used.

In the case where the efficiencies of the ditferent LEDs of
LED paths 8, 8', 8" should not be known, the total light output
can be measured for example by means of a photosensor
during the tracing of different chromaticity coordinates, espe-
cially in the manner of a scan of the Planckian white-light
curve whilst simultaneously measuring the total light output.
Such a measurement thus determines, on the one hand, the
mimmum total light output within the chromaticity coordi-
nates to be traced and the dependence of the total light output
on the chromaticity coordinate.

For example, the calibration factor for reducing the inten-
sities of the individual LED paths can be obtained in the sense
of PWM dimming (by changing the pulse width of the drive).
Thus, the calibrating 1s preferably generated by reducing the
duty ratio of a PWM drive. However, this can also be done by
adapting the amplitude (1n the sense of amplitude dimming).
It1s especially when the dimming or adjusting of the intensity
1s carried out via a pulse width modulation (PWM) that the
calibration can be carried out by adapting the amplitude.

The intensity scan mentioned can be carried out repeatedly
because the different LEDs have different ageing phenomena
with regard to their efficiency (intensity per current), which
must be compensated for and can lead to different efficien-
cies. Especially a dye-converted LED will have a higher
degree of ageing than monochromatic LEDs.

However, the intensity scan mentioned can also be used for
monitoring the ageing 1 the operating data of the LED are
known (for example stored in memory 4 of the LED module
F).

Instead, such ageing parameters may also have been deter-
mined already by the manufacturer and deposited, for
example, 1n memory 4 which 1s associated with the LED
module F.

Data Communication Between the First Module 1 and the
Second Module 2 (Lamp Management Module)

Referring to FIG. 4, the communication interface 6 (inter-
nal bus) between the first module 1 and one or more second
modules 2, 2' as lamp management modules shall be
explained here.

Due to the fact that via the internal bus, several second
modules 2, 2' are in communication not only with power
(transmission path 3) but also unidirectionally or bidirection-
ally by means of data exchange (via the communication inter-
face 6), the first module 1 can also be called central processing
unit or also master. The second modules 2, 2' can be called
slaves.

As already mentioned initially, there 1s a preferably stan-
dardized communication with regard to the internal bus for
the communication interface 6, which 1s provided addition-
ally to the DC supply voltage 5. “Standardized™ 1s understood
to mean that the protocol of the communication mterface 6 1s
independent of the protocol of the external communication
via the data interface 11 of the first module 1.

The communication via the communication interface 6 1s
preferably bidirectional and can take place, for example, in
accordance with an SPI (Senal Peripheral Interface) protocol.

The data communication via the communication interface
6 (internal bus) also takes place preferably in potential-1so-
lated manner, for example by using optocouplers or trans-
formers. For example, when using one or more transiormers
for a potential-1solated communication interface 6, the trans-
former can be clocked at high frequency and thus transier data
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via packets of high-frequency clock cycles. By using a poten-
tial-1solated communication interface 6, the user and also the
connected other modules can be protected against possible
overvoltages, for example due to a defect in one of the mod-
ules. As well, the potential-1solated design of the communi-
cation interface 6 increases the ruggedness of the lighting
system. For example, the disconnection and exchange of a
second module 2 1s facilitated.

One basic function of the communication interface 6 can be

the forwarding of dimming commands from the first module
1 to the second modules 2 which, for example, have been
received via the external bus 10. In this process, new control
information or commands for the second modules 2 can also
be derived from the dimming commands recerved via the
external bus 10.

One application for the bidirectional data communication
via the internal bus (communication interface 6) 1s that data
which are stored in one of the second modules 2, 2' can be
transmitted via the internal bus (communication interface 6)
to the control unit G of the first module 1. This 1s of advantage
in as much as the data storage 1n the second modules 2, 2' 1s
closer to the LED path 8 so that greater heating takes place
there which can lead to a possibly not restorable data loss of
the storage 1n the area of the lamp management modules
(second modules 2, 2"). By the transmission via the commu-
nication interface 6 to the first module 1, these data can then
be stored again for the first module 1 1n the sense of a backup.

Examples of these data transmitted via the communication
interface. 6 are operating data for the LED path 8 such as, for
example, temperatures, operating periods, electrical param-
eters etc.

Once the data have been transmitted from one of the lamp

management modules (second modules 2, 2', ..., 2"") to the
first module 1, they can naturally be read out, if necessary
processed further, also via the external bus 10 connected to
the data interface 11. Thus, a further analysis of the operating
data, for example a failure analysis, ageing compensation
depending on the transmitted operating period of the LED
path 8 etc. can be carried out via the external bus 10.
The standardized approach for the internal bus (communi-
cation 1nterface 6) also has the advantage that lamp manage-
ment modules (second modules 2, 2') can be exchanged in
simple manner. The supply of data stored 1n a lamp manage-
ment module (second modules 2, 2') to be exchanged can be
stored 1n the first module 1 after transmission via the com-
munication interface 6 as already described above. If then the
lamp management module 1s exchanged, the operating data
stored 1n the first module 1 can be transierred again to the
newly mserted lamp management module so that the latter 1s
then configured 1dentically to the replaced lamp management
module.

Other examples of such operating data are color coordi-
nates, color location or other parameters influencing the spec-
trum of the LED path 8.

It 1s also possible to transier via the communication inter-
face 6 load changes or special operating states or comparable
events from a second module 2, 2' via the communication
interface 6 to the first module 1. This makes 1t possible to
provide advance signaling of load changes or operating state
changes to be expected so that the control unit G 1n the first
module 1 adaptively matches the drive of the PFC 1n the first
submodule A and/or the drive of the second submodule B
correspondingly. For example, the control unit G of the first
module 1 can adapt parameters for the inverter 14 shown in
FIG. 2 and/or controller characteristics for driving the PFC 1n
the first submodule A 1n dependence on a load change or
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operating state change to be expected, transmitted via the
communication interface 6 from a second module 2, 2'.

Naturally, a type of advance information can also take
place 1 reverse, 1.e. from the first module 1 towards the
second modules 2, 2'. If, for example, the first module 1
receives via the external bus 10 and the data interface 11 or the
interface circuit D, respectively, dimming commands which
signily a load change of the LED path 8, such information, or
a signal reproducing the operating state change, can be trans-
terred via the bus or the communication iterface 6 to the
second modules 2, 2' so that the control unit E provided 1n the
second modules 2, 2' can also adapt control parameters, for
example for the constant-current source (further submodule
C) 1n accordance with the load change to be expected.

The master/slave system shown i FIG. 4 also has advan-
tages with respect to the reduction of electrical losses since a
type of standby operation can be provided in which one,
several or also all of the second modules 2, 2' connected to a
first module 1 are turned off whilst at least the control unit G
of the first module 1 can continue to monitor the externally
connected bus 10 via the data interface 11 or the interface
circuit D, respectively.

Externally, the master/slave system represented 1n FIG. 4
can be addressed preferably only via the bus 10 connected at
the data interface 11 or the interface circuit D of the first
module 1. Instead, there can be an internal hierarchical divi-
s10n, possibly including addressing via the imnternal bus (com-
munication intertace 6) towards the several connectable sec-
ond modules 2, 2'.

Thus, there can be, on the one hand, an addressed commu-
nication towards the second modules 2, 2'. As an alternative or
additionally, a broadcast mode can also be provided instead,
1.¢. anon-addressed data transmission from the first module 1
to all connected second modules 2, 2'. In this broadcast mode,
a command sent out by the first module 1 via the internal bus
(communication interface 6) 1s recerved by all second mod-
ules 2, 2' and evaluated.

Inthe case of emergency lighting, it can be provided that, as
soon as emergency lighting detection has taken place by the
first module 1, a corresponding control command 1s transmiut-
ted via the communication interface 6 and the second mod-
ules 2, 2' correspondingly adapt their operation. For example,
to achieve lower basic brightness and thus a lower energy
consumption for the emergency lighting operation, only one
or a subgroup of the several second modules 2 supplied by the
first module 1 can be operated.

The communication interface 6 can also be used for trans-
mitting the low-voltage supply (there 1s then both data com-
munication and energy transmission, for example via the DC
low-voltage supply V... on the secondary side). For
example, a so-called active low data transmission can be used
wherein a level of some volts, for example 12V, 1s present in
the 1dle state. In the case of coupling, for example, via trans-
formers, energy could therefore still be transmitted even with
an electrical 1solation of the communication interface 6.
Emergency Light Operating Circuit

The function of the emergency power module in an emer-
gency light situation will now be explained, 1.e. if the AC
supply voltage of the first module 1 has failed. As can be
discerned in FIG. 4, the emergency power module M3 1s
connected as an additional modules between the first module
and the lamp management modules LMU1, LMU?2.

In this case, the emergency power module M3 has an
emergency light operating circuit connected to a rechargeable
energy store ES. In this case, 1t 1s possible for the energy store
ES to be integrated into the emergency power module M3 or
for said energy store to constitute a part separate therefrom.
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According to the invention, therefore, 1n the event of failure
of the AC supply voltage, the modular LED lighting 1s then
fed by the emergency power module M3, 1.¢. by the emer-
gency light operating circuit and the energy store ES con-
nected thereto. For this purpose, the emergency light operat-
ing circuit 1s connected to the path 5 representing the power
transmission for feeding the individual lamp modules of the
lamp management modules LMU1, LMU?2.

During normal operation of the LED lighting the energy
store ES 1s recharged. For this purpose, the emergency light
operating circuit contains a charging circuit which recharges
the energy store when AC supply voltage (1.e. power supply
system voltage) 1s present. For this purpose, the charging
circuit can be connected to the first module 1, 1n particular
connected to the path 5. However, it can also be directly
connectable to the power supply system voltage and can then
have, if appropnate, a corresponding power matching circuit,
such as a transformer. The charging circuit of the emergency
light operating circuit can be formed by a clocked switching
controller circuit, for example by an 1solated flyback con-
verter or a buck converter. If the charging circuit i1s fed by the
first module 1 and the first module 1 already has suificient
potential 1solation which satisfies the requirements for an
emergency light system, an isolated embodiment of the
charging circuit of the emergency light operating circuit can
be dispensed with.

In the event of failure of the AC supply voltage, the prob-
lem then arises that not only the power supply for the lighting
1s absent, but also the power supply for the first module 1, 1n
particular for the integrated control circuit G. Consequently,
the LED lighting can no longer be addressed externally. That
means that 1t 1s cut off from the external data communication
10. Furthermore, the LED lighting 1s incapable of control 1n
the sense that the above-described functions performed by the
integrated control circuit G can no longer be carried out.

According to the invention, therefore, an external commu-
nication 1s mntended still to be maintained. In an embodiment
explained 1n greater detail 1n the description concerning FIG.
5, for this purpose the emergency power module M3 supplies
the integrated control circuit G with electric current. Conse-
quently, said control circuit can maintain the external data
communication 10. Alternatively, however, 1t 1s also conceiv-
able for the emergency power module 1tself to have an exter-
nal data interface and to communicate via the latter with the
same data bus as the external data interface 11, or with a
separate data bus which 1s provided, for example, especially
for power failures, 1.e. emergency light situations. Advanta-
geously, the emergency power module also contains a dedi-
cated integrated control circuit 1n this case.

It 1s Turthermore provided that, in the event of failure of the
AC supply voltage, the mternal communication within the
modular LED lighting 1s maintained. As mentioned, the inter-
nal data communication arises by virtue of the fact that the
integrated control circuit G of the first module 1 and the
integrated circuits E of the individual lamp management
modules LMU1, LMU2 are in internal data communication
via a data interface 6, and the internal data communication 1s
preferably standardized, 1.e. 1s independent of an external bus
communication of the first module 1. In an emergency light
situation, therefore, the problem then arises that besides the
integrated control circuit G of the first module 1, the inte-
grated circuits E of the lamp management modules also lack
a power supply. It 1s therefore expedient 1f, for this purpose,
the emergency power module M3 likewise supplies the inte-
grated circuits with electric current.

One possible embodiment 1s explained in greater detail 1n
the description concerning FIG. 5. Alternatively, 1t 1s also
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conceivable to realize an internal communication between an
integrated circuit of the emergency power module and the
respective mtegrated circuits of the individual lamp manage-
ment modules, for example via the internal data interface 6 or
a separate data interface.
Low-Voltage Supply
Referring to FIG. 35, a low-voltage supply in the modular
system shown 1n FIG. 1 will now be explained.
It will then also be explained how active cooling means 40
such as, for example, a fan, a pump, a Peltier element etc. can
be supplied by such a low-voltage supply, for example also by
a second module 2 (lamp management module). Such an
active cooling means 40 1s thus supplied with electrical power
not directly starting from the first module 1, but preferably
individually via each lamp management module 2 connected.
FIG. § again shows how the bus voltage V,, _, for example
generated by the PFC module of the firstmodule 1, 1s supplied
to an mverter. In the example shown, the inverter has only one
switch S1 1n contrast to the inverter 14 as half-bridge inverter
of FIG. 2. In the example shown, following the imnverter with
the switch S1, the primary winding 20 of the transformer 19
1s shown. A rectifier 22 1s again supplied starting from the
secondary winding 21 of transformer 19, 1n which the output
voltage of the rectifier 22 1s supplied directly or indirectly to
the LED path 8. The primary and secondary windings 20, 21
thus represent the path, already explained further above, for
the electrical power supply (DC supply voltage 5) of the LED
path of the LED module F.
The mverter according to FIG. 5 can be a converter having,
one or more switches such as, for example, a half-bridge
iverter (see example FIG. 2) or insulated flyback converter.
This operates preferably 1n resonant or quasi-resonant man-
ner.
In addition to this transmission path, there 1s now a further
low-voltage transmission path. This has a further secondary
winding 30 which 1s thus also coupled magnetically to the
primary winding 20. A DC low-voltage supply V -, also
referred to below as first low voltage, on the secondary side 1s
generated by a corresponding choice of winding ratios of
windings 20, 30 via a rectifier circuit comprising a diode 31
and a capacitor 32. Also shown 1n the figure, this DC low-
voltage supply V .. on the secondary side 1s also supplied to
the second module 2.
The second module 2 can then use this low-voltage supply
in different ways, namely:
for supplying the integrated control unit E 1n the lamp
management module (second module 2),

for the selectively controlled drniving of active cooling
means 40 and/or for actively supplying further con-
nected actuators or sensors which are designated dia-
grammatically by the reference symbol 41.

As also shown 1n FIG. 5, a further (and thus third) second-
ary winding 33 1s coupled magnetically to the primary wind-
ing 20 of transformer 19. This secondary winding 33 feeds a
rectifier comprising a diode 42 and a capacitor 43, 1s used for
generating a low-voltage supply V .-, also referred to below
as second low voltage, on the primary side. In this context,
primary side 1s understood to mean that this low-voltage
supply V 5 18 used 1n the first module 1 (that 1s to say on the
power line side, 1.¢. before potential 1solation), for example as
low-voltage supply for the internal integrated control unit G
of the first module 1.

Whereas the power transier via the path of the DC supply
voltage 5 for feeding the LED module F can be, for example,
48 volts DC, the voltage level of the low-voltage supplies
V ocandV -5 1s distinctly lower and, for example, within a
range of from 2 to 12 volts DC.
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Thus, two different DC voltage supplies can be supplied by
the first module 1 to each second module 2 connected.

The lighting system can also be operated 1n such a manner
that the second submodule B deactivates the feeding of the
DC supply voltage 5 and only maintains the low-voltage
supply (for example the DC low-voltage supply V .- on the
secondary side). This can take place, for example, 1n an error
mode or idle mode. In this manner, for example, existing
sensors such as the sensor 41 can still be evaluated and, for
example, the communication interface 6 can also remain acti-
vated. For this purpose, the control unit E preferably contin-
ues to be operated at least 1n a reduced operating mode (for
example with reduced functionality).

The sensor 41, which 1s functionally associated with the
second module 2, can be a brightness sensor, for example a
photodiode with optional evaluating logic, or a color sensor.

Naturally, the sensor 41 which 1s functionally associated
with the second module 2 can also be a temperature sensor,
the output signal of which can be used, for example, for
determining the temperature of the LED junction of the LEDs
of the LED module F. On the other hand, this sensor 41, as
temperature sensor, can also be used for controlling the opera-
tion of the active cooling, for example of the cooling means
40 (preferably as fan).

As an alternative or additionally, the temperature of the
LED junction can naturally also be determined by evaluating
the characteristic and measurement of electrical parameters
of the LED path of the LED module F.

Due to the fact that the low-voltage supply V .-, on the
primary side takes place via a winding 33 independent for
generating the low-voltage supply V.. on the secondary
side, a potential 1solation 1s thus present.

As can be seen from a synopsis of FIG. 2 and FIG. 5, an
inverter having one switch S1 or a number of switches S1, S2
can be present. As further examples next to the half-bridge
inverter 14 shown 1n FIG. 2, the flyback converter, a SEPIC or
forwards converter can be mentioned. In any case, there 1s
thus an insulated converter.

For the start-up phase of the control unit G of the first
module 1, a start-up resistor R1 can be fed with the mput
voltage 9 1n a manner known per se, which resistor supplies
the control unit G with energy until the low-voltage supply
V ~~» 0on the primary side 1s generated as expected since the
generation of the low-voltage supplies V.- and V .. on the
primary side and also the secondary side assume clocking of
the second submodule B (DC/DC converter). When the actual
low-voltage supply has then started on the basis of the 1nsu-
lated converter (second submodule B), the ohmic start-up
resistor R1 can be turned oif again by means of switch S3 in
order to thus avoid electrical losses via the start-up resistor R1
in the regular operation of the circuit.

The low-voltage supplies V..o, V-~p are preferably
obtained by means of a full-bridge rectifier. However, 1t 1s also
possible to use only a single diode for rectification.

The low-voltage supply V . can be supplied to a control
unit E 1n the second module 2 and/or looped further for
supplying an active cooling means 40 associated with the
second module 2.

For voltage stabilization, the secondary DC low-voltage
supply V -« for the second module 2 can be supplied again,
as shown 1n FI1G. §, to a cooling means drive 50, for example
a DC/DC converter or also a linear controller, the stabilized
output voltage of this DC/DC converter or linear controller 50
then feeding the control unit E of the second module 2. The
cooling means drive 50 can control or also regulate the drive
of the active cooling means 40 1n dependence on a dimming
command supplied via the communication interface 6 (dim-
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ming information), on an input by the control unit E or also in
dependence on the temperature at the LED module F, deter-
mined directly (via a temperature sensor) or indirectly (for
example a temperature determination of the temperature of
the LED junction).

Thus, active cooling means 40 can be supplied preferably
by such a low-voltage supply via a cooling means drive 50
which 1s 1n each case arranged on the second module 2. In this
case, such active cooling means 40 are thus not supplied with
clectrical power directly from the first module 1 but prefer-
ably individually via each lamp management module 2 con-
nected. This offers the advantage that 1n the case of an opera-
tion of a number of second modules 2, 2'. .. via a first module
1, an independent drive of the active cooling means 40 1s
possible for each second module. This may be advantageous,
in particular, when the brightness of the individual LED mod-
ules F 1s different or also the LED modules F are heated up by
different amounts due to the spatial arrangement of the indi-
vidual LED modules F.

As already mentioned, the low-voltage supply can also be
used as communication interface 6, 1.¢. 1t 1s also possible to
transmit data 1n addition to the transmitted energy.

With reference to FIG. 5, the function of the emergency
power module M3 in an emergency light situation will now be
explained, 1.e. 11 the AC supply voltage of the first module 1
has failed. As can be discerned in FIG. 3§, the emergency
power module M3 1s once again realized as a separate module
connected to the path 5 for feeding the lamp module F. The
emergency power module M3 can therefore be regarded as a
turther module or else as a third module. The energy store ES
1s likewise realized as a separate element. However, 1t 1s now
also concetrvable for the emergency power module 3, 1n par-
ticular the emergency light operating circuit and/or also the
energy store, to constitute an integral part of the lamp man-
agement module 2 or of the first module 1. If the modular
LED lighting has a plurality of lamp management modules,
then 1t 1s possible for one, a plurality or even all of the lamp
management modules to have an emergency light operating,
circuit and/or an energy store in this case.

The charging circuit 1s fed by the DC output voltage of the
first module 1 when the AC supply voltage 1s present. In the
event of failure of the AC supply voltage, by contrast, the
emergency light operating circuit takes over the feeding of the
lamp management module 2 via the electrical power trans-
mission 5. However, 1n the event of failure of the AC supply
voltage, the emergency light operating circuit 1s intended to
take over not only the feeding of the lamp management mod-
ule 2 via the electrical power transmission 5, but also the
teeding of the first low voltage Vcces for supplying the lamp
management module 2. For this purpose, as shown 1n FIG. 5,
the emergency power module M3 1s connected to the trans-
mission of the low-voltage supply 60, which transmuits the low
voltage V . from the first module 1 to the lamp management
module 2. This makes it possible to ensure that, 1n an emer-
gency light situation, the lamp management module 3 and, 1n
particular, the mtegrated circuit thereof still remain func-
tional.

Furthermore, according to the invention 1t 1s provided that,
in the emergency light situation, the emergency light operat-
ing circuit supplies the integrated control circuit G of the first
module with the second low voltage V..., preferably in
teedback fashion via the first low voltage V... For this
purpose, a circuit 81 1s arranged 1n parallel with the diode D2.
Said circuit 81 can be a further diode connected up 1n the
opposite direction to the diode D2. It can also be a DC/AC
converter, which generates an AC voltage from the DC low
voltage V .. Therefore, an AC voltage 1s then present on the
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winding 30 and in turn induces a voltage 1n the winding 33.
Said voltage 1s then rectified by the diode D1 and thus con-
stitutes the low voltage V 5. In this case, the winding 30 1s
used as a primary winding and the winding 33 as a secondary
winding. Therefore, the isolating unit B, 1.e. the transformer
19 makes possible a voltage feedback via the first and second
low voltages V - ~.and V .~ Irom the emergency power mod-
ule M3 to the integrated control circuit G. This ensures a
power supply of the integrated control circuit G 1n an emer-

gency light situation and thus also an external data commu-
nication 10 and an internal data communication 6. Of course,
it 1s also concetvable for the emergency power module M3 to
provide thelow voltage V .~ directly and to supply 1t directly
to the integrated control circuit G.

Advantageously, 1in the event of failure of the AC supply
voltage, the emergency light operating circuit supplies the
lamp management module 2 with a voltage level deviating
from the normal DC output voltage of the first module 1. The
lamp management module 2 can then 1dentify this deviation
and react thereto. This makes 1t possible, 1n a simple manner,
to signal an emergency light situation to the lamp manage-
ment module 2. This constitutes an advantage particularly 1t
the mternal data communication has failed at least tempo-
rarily. The operation of the LED module F can thereupon be
altered. By way of example, the lamp management module 2
can switch over to an emergency light brightness value and/or
to an emergency light color, 1n particular 11 the lamp manage-
ment module 2 recerves no control signals via the data inter-
face 6. An emergency light brightness value can be, in par-
ticular, lower than a standard brightness value, 1n order thus to
utilize the energy of the energy store ES more economically.

The emergency light operating circuit furthermore has a
discharge circuit, which serves for feeding the power trans-
mission 3 from the rechargeable energy store ES in the emer-
gency light situation. This preferably also supplies the first
and second low voltages V ~-», V e

The charging circuit and the discharge circuit can be
tformed by a bidirectional DC-DC voltage converter. Further-
more, the rechargeable energy store ES can have a recharge-
able battery and/or a capacitor such as, for example, a so-
called “Gold-Cap” 1.e. one or more double-layer capacitors.
Alternatively, the charging circuit can have a flyback con-
verter (1solated tlyback converter) and/or a buck converter.
The discharge circuit can likewise be embodied as a DC-DC
voltage converter (1.e. as a clocked switching controller) and
can have, for example, a buck-boost converter, an 1solated
flyback converter, a hali-bridge converter, a push-pull con-
verter or a forward converter.

Finally, the invention provides that dimming and a color
change can be carried out even 1n the case of emergency light.
This may be able to be carried out by a central control unat,
connected to the first module or to the external communica-
tion bus, by virtue of the ensured external and also internal
communication. For this purpose, provision could be made
for the above-described internal communication 6 between
the first module 1 and the lamp management module 2 still to
be maintained. In this case, the discharge circuit preferably
also makes available a low-voltage supply for the integrated
control circuit G of the first module 1 (for example via the
circuit 81). Both modules, that 1s to say the first module 1 and
the lamp management module 2, can then communicate with
one another 1n the usual way. Furthermore, provision could
also be made for an external communication still to be made
possible via the first module 1. The first module 1 would then
be able, for example, still to receive external control com-
mands and to implement them 1n a suitable manner. In this
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case, dimming and a color change from emergency light
operation could then be made possible 1n the usual way.

Alternatively, the lamp management module 2, in the
emergency light situation, can also carry out a communica-
tion via the additional interface (not illustrated). By way of
example, 1t could be provided that—i1 control signals are then
no longer received by the first module 1 nor by the emergency
power module M3—the lamp management module 2, via the
additional interface, carries out linking to an external analog
or digital bus (also wirelessly) and communicates directly
with the latter in the emergency light situation. However, it
would also be possible for the emergency power module M3
to be connected to the additional interface of the lamp man-
agement module 2 and to communicate with the lamp man-
agement module 2 via said interface (particularly 1f a different
communication than via the communication iterface 6 is
intended or must be effected).

FIG. 6 schematically shows yet another exemplary
embodiment of the emergency power module M3. The latter
1s embodied here as a separate box which can be connected to
the modular LED lighting system. The emergency power
module has two batteries as energy stores which can be con-
nected in parallel or 1n series. Of course, an embodiment
comprising more or fewer batteries 1s also conceivable. Fur-
thermore, the emergency power module has two terminals: an
mput “In” for connection to the charging circuit and a termi-
nal “Out” for connection to the discharge circuit and thus
indirectly to the lamp management module 2 and the first
module 1. The two corresponding connecting cables can, of
course, also be embodied as a cable guide with a connection
having correspondingly more poles. In this case, the emer-
gency power module can provide a voltage of 28-48 V. It 1s
also concervable for both charging circuit and discharge cir-
cuit to be integrated into the box of the emergency power
module and thus for the corresponding cables for charging
and for voltage supply to be connectable directly to the first
module and to the lamp management module.

LIST OF REFERENCE DESIGNATIONS

1: First module

2, 2" Second module

3: Access of E to 4

4. Memory

5: DC supply voltage

6: Communication interface
7. Output

8, 8, 8": LED path

9: Input voltage

10: External bus

11: Data intertace

12: Housing

13: Feedback value of 8
14: Inverter

15: Resonant circuit
16: Inductance

17: Coupling capacitor
18: Inductance

19: Transformer

20: Primary winding
21: Secondary winding,
22: Rectifier

23: Storage capacitor
24: Measuring resistor
29: Center

30: Secondary winding,
31:

Diode
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32: Capacitor

33: Secondary winding

40: Cooling means

41: Actuators or sensors

42: Diode

43: Capacitor

50: Cooling means drive

51: Memory

52: Memory which 1s connected to control unit G
53, 53', 533": LED channel

A: First submodule

B: Second submodule

C: Further submodule

D: Interface circuit

E: Control unit

F: LED module

G Control unit

Lm: Main inductance

R1: Start-up resistor

S1: Switch

S2: Switch

S3: Switch

V. .. Bus voltage

V ~»: Low-voltage supply on the primary side
V ~<: DC low-voltage supply on the secondary side

The mvention claimed 1s:

1. A modular LED lighting having a first module (1) to
which an AC supply voltage (9) can be supplied and which
has:

a second submodule (B), at the output of which a DC
supply voltage (35) electrically 1solated from the AC sup-
ply voltage 1s provided, and

a control unit (G),

turthermore having a second module (2), preferably a lamp
management module, which has a further submodule
(C), supplied with the DC supply voltage (5) of the first
module (1), preferably a constant-current source which
1s controlled by a control unit (E) of the second module
(2).

an LED module (F) which has at least one LED path (8) and
which 1s supplied by the further submodule (C), and an
emergency light operating circuit which 1s connected to
a rechargeable energy store (ES) and takes over the
feeding of the modular LED lighting in the event of
failure of the AC supply voltage (9).

2. The LED lighting as claimed 1n claim 1, wherein the
emergency light operating circuit contains a charging circuit
tfor the rechargeable energy store (ES) and wherein the latter
1s recharged when AC supply voltage (9) 1s present.

3. The LED lighting as claimed in claim 2, wherein the
emergency light operating circuit with the charging circuit 1s
arranged 1n a further module (M3), wherein the charging
circuit 1s fed by the DC supply voltage (5) of the first module
(1) when the AC supply voltage (9) 1s present, and the emer-
gency light operating circuit takes over the feeding of the
lamp management module (2) via the DC supply voltage (5)
in the event of failure of the AC supply voltage (9), and
wherein the rechargeable energy store i1s preferably also
arranged 1n the further module (M3).

4. The LED lighting as claimed 1n claim 1, wherein, 1n the
event of failure of the AC supply voltage (9), the emergency
light operating circuit takes over the feeding of the second
submodule (2) via the DC supply voltage (5) and preferably
also the feeding of a first low voltage (V <) for supplying the
second submodule (2).

5. The LED lighting as claimed in claim 4, wherein the
emergency light operating circuit, in the emergency light
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situation, supplies the control unit (G) with a second low
voltage (V__,) in teedback fashion.

6. The LED lighting as claimed 1n claim 1, wherein, 1n the
event of failure of the AC supply voltage (9), an external
communication 1s still maintained, for example in accordance
with the DALI standard.

7. The LED lighting as claimed in claim 1, wherein the
control unit (G) of the first module (1) and the control unit (E)
of the second submodule (2) are 1n internal data communica-
tion via a communication interface (6) and the internal data
communication 1s preferably standardized, 1.e. 1s independent
ol an external bus communication of the first module (1).

8. The LED lighting as claimed 1n claim 7, wherein 1n the
event of failure of the AC supply voltage (9), the internal
communication between the first module (1) and the second
submodule (2) 1s still maintained.

9. The LED lighting as claimed in claim 1, wherein the
emergency light operating circuit, 1in the event of failure of the
AC supply voltage (9), supplies the second submodule (2)
with a voltage level deviating from the normal DC supply
voltage of the first module (1), wherein the second submodule

(2) identifies this deviation and alters the operation of the
LED module (F).

10. The LED lighting as claimed 1n claim 9, wherein the
second submodule (2) switches over to an emergency light
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brightness value and/or to an emergency light color, 1n par-
ticular 1fthe second submodule (2) recerves no control signals
from the first module (1).

11. The LED lighting as claimed 1n claim 1, wherein the
emergency light operating circuit has a discharge circuit
which serves for feeding from the rechargeable energy store

(ES) 1n the emergency light situation and this preferably also
supplies a first and second low voltage (V 5, V o).

12. The LED lighting as claimed in claim 11, wherein the
discharge circuit has a buck-boost converter.

13. The LED lighting as claimed 1n claim 11, wherein a
charging circuit for the rechargeable energy store (ES) and
the discharge circuit are formed by a bidirectional DC-DC
voltage converter.

14. The LED lighting as claimed 1n claim 1, wherein a
charging circuit for the rechargeable energy store (ES) has a
flyback converter and/or a buck converter.

15. The LED lighting as claimed in claim 1, wherein the
rechargeable energy store (ES) has a rechargeable battery
and/or a capacitor such as, for example, a “Gold-Cap”.

16. The LED lighting as claimed 1n claim 1, wherein dim-

ming and a color change can be carried out even 1n the case of
emergency light.
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